FOXO1 protein inactivation in the nucleus is one of targets for the treatment of diabetes mellitus. Annona muricata leaves contain flavonoid and phenolic compound alkaloids that were known to be able to increase pancreatic b cell proliferation in animal experiment. This research aimed to predict the active compound ability of the Annona muricata leaves to bind and inhibit FOXO1 protein through in silico study. Analysis of molecular docking was performed by using Autodock Vina PyRx. this research proved that anonaine, rutin, muricatocin a, isolaureline, xylopine, and kaempferol 3-O-rutinoside had an equal or smaller free binding energy compared to the control compound. Rutin and Muricatocin A had the same binding ability toward 66% amino acid residues, compared to control compound with hydrogen bond type, while xylopine, anonaine, isolaureline, kaempferol 3-O-rutinoside had a similar binding ability towards 33% amino acid residues compared to control compound with hydrogen bond type.
Introduction
Currently, the development of DM research is focused on the improvement of the regeneration and suppression of the pancreatic b cells apoptosis. A mechanism that is thought to play an important role in the regulation of pancreatic b cell regeneration is the FOXO1 (forkhead box protein O1) transcription factors. One of the mechanisms to prevent the occurrence of apoptosis and to increase pancreatic b cells proliferation is the prevention FOXO1 transcription factors migration to the nucleus or the FOXO1 inactivation in the nucleus (Martinez et al. 2006; Gross et al. 2008) .
FOXO1 is a transcription factor that is normally found in the cytoplasm. FOXO1 is activated through MAPK (mitogen-activated protein kinase), AKT, and Pdx1 (promoting gene) pathway. FOXO1 phosphorylation in the cytoplasm activates cyclin D1 and Cdk4 (cyclin dependent kinase) protein that activates the cell cycle from G0 to G1 phase in preparation for the DNA synthesis (deoxyribonucleic acid) (Gross et al. 2008) .
Previous studies reported that ethanol extract from Annona muricata leaves has the ability to improve b cells of animal studies that have been damaged by STZ (streptozotocin) induction as well as control the glucose levels in the blood to be within the normal limits (Adeyemi et al. 2010) . However, the work mechanism of active ingredients, which is contained in the extract, is still unexplained.
Leaves, fruits, roots, tree barks, and seeds of Annona muricata have become a lot of research subjects as an antidiabetic material (Adeyemi et al. 2010; Malviya et al. 2010) . The main active compounds of Annona muricata are acetogenin, flavonoids, phenolic compound alkaloids, and tannins (Gajalakshmi et al. 2012) . Those active compounds are believed to have a biological effect for the cell.
In the last few years, in silico studies have been developed as a method to predict the ability of an active compound to cause a biological effect that will be used in the disbursement of new drugs. The purpose of these studies is to reduce the cost and the length that are required for an active ingredient to turn into a drug that can be marketed to the public (Wadood et al. 2013) . Research results of the pharmaceutical industry in the United States indicate that, in 2001, the cost of drug manufacture from an active ingredient to a marketable drug would cost around $880 million with approximately 12 years of manufacturing. In addition to the cost and duration, several factors can cause the failure to a drug manufacture process, such as the low effectiveness of the drugs, the incidence of toxic effects, and also the obstacle in the marketing process (Hileman 2006) .
One of the in silico methods that is widely used is molecular docking (interaction networks). The principle of this technique is to predict the ability of an active compound (ligand) to bind with a target protein (e.g. receptor) to form a stable complex. Several tools can be used for molecular docking methods such as ArgusDock, DOCK, FRED, eHITS, Auto Dock and FTDock. The ability of a ligand to binds with the active site of a receptor is then tested to assess the activation or inhibition strength (Pedro and Lei 2010) .
Based on the facts above, this study aims to predict the ability of the active compound contained in Annona muricata leaves to regenerate a damaged b cell by assessing the inhibition ability of the active compound against FOXO1 protein through an in silico study.
Materials and methods
Analytical-Descriptive Research Design was used to determine the potential of the Annona muricata leaves active compounds and to determine the binding affinity of the active compounds toward FOXO1 protein computationally. The compound was obtained from the PubChem (https://pubchem.ncbi.nlm.nih.gov) server with a recorded CID. While FOXO1 receptor, that was the inhibitor, was obtained from the data bank (http://www.rcsb.org/pdb/ home/home.do) server by ID 3CO6. Inhibitor reference that can inhibit the activity of FOXO1 proteins was taken from calbiochem by CID AS1842856 (Nagashima et al. 2010 ). Furthermore, the docking process was performed by using PyRx program (Autodock vina) (Dallakyan and Olson 2015) . The docking process was done specifically with 'the compound' as ligand and inhibitor reference (AS1842856). Compound that has the smallest or most negative binding energy was chosen because it showed the best complex conformation. Docking results were stored and visualized by using Ligandscout and PyMOL ligand (DeLano 2002) . The visualization of docking results by using LigPlot showed the interaction between these two molecules (FOXO1-ligand compound or inhibitor reference) (Wallace et al. 1995) . LigPlot results showed hydrophobic bonding and hydrogen bonding that occurred within the complex. Potential inhibition can be seen from the amino acid on FOXO1 active side that was bound by the active compound.
Results

Potential analysis of the Annona muricata leaves active compound as FOXO1 protein inhibitors with in silico method
Various in vitro and in vivo studies demonstrate that the transcription factor of FOXO1 protein contribute to the proliferation process of pancreatic b cell. It is said that the inhibition of FOXO1 protein translocation from the cytoplasm to the nucleus or the inactivation of FOXO1 protein in the nucleus is the key to inhibit DM apoptosis in animal experiment and to induce pancreatic b cell proliferation (Martinez et al. 2006; Gross et al. 2008 ). Based on the data above, this research attempted to examine the potential of Annona muricata leaves active compound as the inhibitor of FOXO1 protein in silico, compared to the drug control that have been known to inhibit FOXO1 protein. An active compound that has the potential to inhibit FOXO1 protein is a compound that has equal or smaller free binding energy than the control. Analysis results of the potential of Annona muricata leaves active compound on the inhibition of FOXO1 protein can be seen in Table 1 . Table 1 showed that Annonain, rutin, muricatocin A, isolaureline, xylopine, and kaempferol 3-O-rutinoside active compounds in Annona muricata leaves have an equal or smaller free binding energy than the control, so with an in silico method, those active compounds potentially can inhibit FOXO1 protein. Energy binding control to FoxO1 protein is -6.3. The amount of free binding energy (DG) is an indicator of the ability to bind the active compound to the target protein. In any spontaneous process, protein-ligand binding occurs only when the change in Gibbs free energy (DG) of the system is negative when the system reaches an equilibrium state at constant pressure and temperature. Because the protein-ligand association extent is determined by the magnitude of the negative DG, it can be considered that DG determines the stability of any given protein-ligand complex, or, alternatively, the binding affinity of a ligand to a given acceptor (Gilson and Zhou 2007) . Based on that statement that annonain, rutin, muricatocin a, isolaureline, xylopine, and kaempferol 3-O-rutinoside active compounds in Annona muricata predicted spontaneous bond to active side of FOXO1 protein receptor form stable molecule protein-ligand complex.
Analysis of interaction between ligand of Annona muricata leaves active compound and FOXO1 protein with in silico method
Analysis of potential as FOXO1 protein inhibitors showed that anonaine, rutin, muricatocin A, isolaureline, xylopine, and kaempferol 3-O-rutinoside active compounds have an equal or smaller free bonding energy than the control, which is predicted to have the potential as inhibitors of FOXO1 protein. Thus, the interaction between ligand and protein in silico was analyzed to determine the strength of the bond between those active compounds. An active compound is predicted to have strong ties to the target protein if it is capable to bind strongly through hydrogen bonds with the same amino acid residue compared to the control or inhibitor reference. Analysis results of the ligand interaction on Annona muricata leave active compound and FOXO1 protein can be seen in Table 2 ( Fig. 1) . Table 2 showed that the inhibitor reference was bound to the active side of the target protein through hydrogen bonding with the following types of amino acids Asn158, Tyr165, Ser212 and bound through a hydrophobic bond with the following amino acids Ala159, Ser164, Trp160, Tyr196, Phe197, Ser205, and Trp209. Rutin and muricatocin A had the same binding ability of 66% amino acid residues compared to the control with hydrogen bonds, whereas xylopine, anonaine, isolaureline, kaempferol 3-O-rutinoside had the same binding ability of 33% amino acid residues compared to the control with hydrogen bonds. An active compound is predicted to have the ability to inhibit the receptor to approach control if they have binding similarity between the amino acid residue and control. Based on the result showed that rutin and muricatocin A predicted more smaller ability to inhibit FOXO1 receptor than control. Hydrophobic bond: Asn158, Trp160, Tyr165, Gly208, Trp209
Fig. 1 Interaction visualization between ligand and protein target
Rutin
Hydrogen bond: Asn158, Ala159, Tyr165, Tyr196, Ser205
Hydrophobic bond: Phe197, Lys200, Trp209, Gly208, Ser212
Isolaureline Hydrogen bond: Tyr165, Tyr196
Hydrophobic bond: Arg157, Asn158, Ala159, Trp160, Ser212
Kaempferol 3-O-rutinoside Hydrogen bond: Ala159, Tyr196, Ser205, Trp209, Ser212, Asn216
Hydrophobic bond: Asn158, Trp160, Tyr165, Lys200, Gly208, His215.
Muricatocin A Hydrogen bond: Asn158, Asn216,Gly208, Ser212, Hydrophobic bond: Tyr165, Trp160, Tyr196, Lys200, Trp209, Asn211
Inhibitor reference/AS1842856 Hydrogen bond: Asn158, Tyr165, Ser212
Hydrophobic bond: Ala159, Ser164, Trp160, Tyr196, Phe197, Ser205, Trp209
Bold and underline letter indicate that the complex (FOXO1-ligands) has the same interaction with the FOXO1-inhibitor reference
Discussion
Potential analysis of the Annona muricata leaves active compound as FOXO1 protein inhibitors with in silico method
Results from the previous study showed that the active compound of Annona muricata leaves can improve pancreatic b cell proliferation in rat that was induced by STZ (Adeyemi et al. 2010) . However, what active compound and how the mechanism works were unknown. Thus, an in silico analysis was performed to estimate the role of the active compounds and the mechanism of b cells regeneration. Verification regarding the predictive binding and inhibiting ability of the Annona muricata leaves active compound and FOXO1 protein was done through molecular docking method, which was the binding simulation between Annona muricata leaves active compound and the FOXO1 protein, and then it was compared to the control that has been known to inhibit FOXO1 protein.
Several transcription factors were associated with the proliferation of pancreatic b cells, such as Pdx1, Pax4, FOXO1, and FoxM1. FOXO1 is a subfamily of a transcription factor from Forkhead Transcription factors, which includes: FOXO1, Foxo3, and Foxo4 protein in mammals. The activation of these proteins is regulated by phosphorylation through the phosphoinositide 3 kinase-Akt. Normally, FOXO1 can be found in the cytoplasm. Phosphorylation of FOXO1 protein in the cytoplasm activates cyclin D1 and Cdk4 protein, and thus activates the cell cycle from G0 to G1 phase for the preparation of DNA synthesis. However, several factors have been reported to cause FOXO1 protein migration to the nucleus, such as high glucose level in blood, hyperlipidemia, and the aging process (Gross et al. 2008) .
The role of FOXO1 protein in pancreatic b cell proliferation process has been proved by some previous researchers. Research conducted by Martinez et al. proved that the administration of palmitic acid in a culture of mouse insulinoma cells (MIN6) can increase the activity of FOXO1 protein in the nucleus (Martinez et al. 2008 ). It activates the target genes transcription (CHOP) and thus induces the apoptosis. The inhibition of the FOXO1 protein active side was proved to be capable of inhibiting MIN6 cell apoptosis that was induced by palmitic acid (Martinez et al. 2008) . Nagashima et al. (2010) proved that the inhibition of the FOXO1 protein activity in the nucleus causes suppression to the gluconeogenesis process in the liver that increases insulin sensitivity in the peripheral tissues and liver of DM mice. Another study conducted by Talchai et al. (2012) proved that FOXO1 protein can affect the de-differentiation process of pancreatic b cell. Research results proved that the experimental animal that does not have FOXO1 protein in the b cell of cytoplasm experiences hyperglycemia and decreased b cell mass after a stress induction. In vitro method demonstrated that the reduction in b cell mass is not caused by the death cell processes, but due to the de-differentiation of b cell into an embryonic progenitor cell that expresses Neurogenin 3, Oct 4, Nanog, and L-Myc. In addition, it demonstrated that the loss of FOXO1 protein in the cytoplasm leads to an increase of a, d, and PP cells, while the decrease in b cell is characterized by a decrease of gene activity in the insulin synthesize, GLUT transporter and glucokinase enzyme (Talchai et al. 2012) . Results of these previous studies showed that FOXO1 protein can be one of the research targets in the development of DM treatment. Inactivation of FOXO1 protein in the nucleus or prevention of FOXO1 protein transcription factor translocation from the cytoplasm to the nucleus is a way to prevent the occurrence of apoptosis or a decrease in pancreatic b cells.
In this study, active compounds of the Annona muricata leaves and the ligand were obtained from literature studies. Results of the literature studied found 33 kinds of active compounds in Annona muricata leaves. The active compounds were included in the group of alkaloids, annonaceous acetogenin, megastigmane, flavonols triglicoside, phenolic and cyclopeptide (Moghamtousi et al. 2015) . Then, a simulation to bind all of the active compounds with the active side of FOXO1 protein was performed computationally and was compared to the drug control that inhibits FOXO1protein.
The drug that was used as a control is the active compound of a small molecule that were identified to be 5-amino-7-(cyclohexyl-amino)-1-ethyl-6-fluoro-4-oxo-1,4dihydroquinoline-3-carboxylic acid (AS1842856). The drug was able to bind with the active side of human FOXO1 protein and inhibit FOXO1 trans-activation activity. In vitro administration of AS1842856 on the hepatic cell line was proved to cause a decrease in glucose production. The result of the in vivo study from the AS1842856 administration in DM mice was proven to reduce glucose level of the fasting blood (Nagashima et al. 2010) .
Results of docking analysis indicated that the active compound of Annona muricata leaves was anonaine, rutin, muricatocin A, isolaureline, xylopine, and kaempferol 3-Orutinoside, which have lower or equal free bonding energy to the drug control.
When a protein binds to a ligand, there will be interaction between the ligand and protein, apart from its bond with water. The bond between the protein and ligand forms a stable bond. To form this stable bond, ligand will occupy the protein binding pocket that is composed of amino acids.
The amount of free binding energy is an indicator of the ability to bind the active compound to the target protein. Free binding energy is the enthalpy change that is required to break a particular bond in one mole of gas molecules. If the binding energy is high then the molecular bonds tend to be stronger, more stable and less reactive. A more reactive compound has a lower binding energy (Chang 2006) . The active compound is predicted to have the ability to bind to the target protein and interact spontaneously if it has a lower or equal free bonding energy than the control (Zukhurullah et al. 2012 ).
Based on the data above, it can be concluded that the active compounds of Annona muricata leaves were anonaine, rutin, muricatocin A, isolaureline, xylopine, and kaempferol 3-O-rutinoside and they were able to interact with the active side of FOXO1 protein spontaneously. The interaction restrained the work of FOXO1 protein.
Analysis of interaction between ligand of Annona muricata leaves active compound and FOXO1 protein with in silico method
An active compound is predicted to have a strong bond to the target receptor if it can bind strongly via hydrogen bonds and can bind with one of the same amino acid residues of the active side compared to a control or inhibitor reference (Zukhurullah et al. 2012 ). An active compound is predicted to have stronger ability to inhibit the receptor if it has more amino acid residues binding similarity with the control.
Hydrogen bonding is the electrostatic interaction between hydrogen atoms that is attached to an electronegative atom with another electronegative atom. The hydrogen bond strength is under the covalent bond, but its presence is very important. Its presence contributes to molecule structures and characteristics. In medicine, hydrogen bond plays a role in studying the design and interaction between drug molecules and metabolic system in the body (Jeffrey 1997) .
In silico analysis results indicated that the inhibitor reference was bound to the active side of the receptor through hydrogen bond with the Asn158, Tyr165, Ser212 amino acids and was bound through hydrophobic bond with Ala159, Ser164, Trp160, Tyr196, Phe197, Ser205, Trp209 amino acids. Rutin and Muricatocin A had the same binding ability of 66% amino acid residues compared to the control with hydrogen bonds, whereas xylopine, anonaine, isolaureline, kaempferol 3-O-rutinoside had the same binding ability of 33% amino acid residues compared to the control with hydrogen bonds. Thus, it can be predicted that the xylopine, anonaine, isolaureline, kaempferol 3-O-rutinoside. Rutin and muricatocin A compound of Annona muricata leaves can increase pancreatic b cell proliferation through the inhibition of FOXO1protein.
Conclusion
Results from in silico analysis on the binding and inhibiting ability of active compounds in Annona muricata leaves to the FOXO1 protein showed that xylopine, anonaine, isolaureline, kaempferol 3-O-rutinoside, rutin and muricatocin A compound have the ability to strongly and spontaneously bound with the active side of FOXO1 protein, and it also have the ability inhibit the activity FOXO1 protein.
